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I 
 
SUMMARY 
 
Background: Malignant mesothelioma (MM) is a rare disease with a relatively short overall 
survival (OS). Metalloproteinases (MMPs) have a vast biological effect on tumor progression, 
invasion, metastasis formation, and apoptosis. MMP expression was previously associated with 
survival in MPM. Our aim was to evaluate if genetic variability of MMP genes could serve as 
a risk assessment and as a prognostic biomarker in MM. We further set out to evaluate MMP9 
expression as a potential prognostic biomarker. 
 
Methods: In the first part of the study 236 patients and 161 healthy blood donors were included 
to assess ther risk for MM. Fluorescence-based competitive allele-specific assay (KASPar) was 
used to genotype ten polymorphisms of selected MMPs: MMP2 rs243865, rs243849 and 
rs7201, MMP9 rs17576, rs17577, rs2250889 and rs20544, and MMP14 rs1042703, rs1042704 
and rs743257. In the second part of the study 199 patients were included to evaluate these 
polymorphism as prognostic biomarkers. The additive and dominant genetic models were used 
in statistical analyses. The association of genetic polymorphism with MM risk were examined 
by logistic regression to calculate odds ratios (ORs) and their 95% confidence intervals (CIs). 
The influence on survival as well as the role of serum MMP9 and MMP9 polymorphisms in 
treatment response was determined using nonparametric tests, logistic and Cox regression. 
 
Results: Carriers of at least one polymorphic MMP2 rs243865 allele tended to have a decreased 
risk for MM (OR = 0.66, 95% CI = 0.44‒1.00; P = 0.050). This association was more 
pronounced in patients with known asbestos exposure. Among them, at least one polymorphic 
allele had significantly lower MM risk (OR = 0.55, 95% CI = 0.35‒0.86; P = 0.009). Carriers 
of polymorphic MMP9 rs2250889 allele had shorter time to progression (TTP) (6.07 vs. 10.03 
months, HR = 2.45, 95% CI = 1.45-4.14, p = 0.001) and overall survival (OS) (9.23 vs. 19.2 
months, HR = 2.39, 95% CI = 1.37-4.18, p = 0.002). In contrast, carriers of at least one 
polymorphic MMP9 rs20544 allele had longer TTP (10.93 vs. 9.40 months, HR 0.57 95% CI = 
0.38-0.86 p = 0.007) and OS (20.67 vs. 13.50 months, HR 0.56 95%CI = 0.37-0.85, p = 0.007). 
Median serum MMP9 was 706.7 (499.6-1224.9) ng/ml before treatment, 440.5 (255.9-685.2) 
ng/ml after chemotherapy and 502.8 (307.2-851.4) ng/ml at disease progression. After 
chemotherapy, 87 (79.8%) patients had lower serum MMP9, with the median change of -286.3 
(-607.3 to -70.2) ng/ml (P<0.001). At disease progression, 47 (65.3%) patients had lower serum 
MMP9 compared to pre-treatment values, median change was -163.7 (-466.6 to 108.6) ng/ml 
(P = 0.001). Patients with higher ECOG performance score had higher serum MMP9 before 
treatment (P = 0.010), compared to other patients. Among investigated polymorphisms, only 
rs17576 was associated with serum MMP9 levels before treatment (P = 0.041). 
 
Conclusions: The MMP2 rs243865 polymorphism may have a protective role in malignant 
mesothelioma development. Median serum MMP9 levels differed significantly before and after 
treatment of MM but failed to reach significance as a standalone biomarker. Some of the 
investigated MMP SNPs were associated with survival of MM patients and could be used as 
potential prognostic biomarkers. MMP9 concentration and polymorphisms should be further 
tested as composite biomarkers. 
 
  
 
II 
 
POVZETEK 
Ozadje: Maligni mezoteliom (MM) je redka bolezen s kratkim celokupnim preživetjem (CP). 
Matriksne metaloproteinaze (MMP) imajo širok biološki vpliv na napredovanje bolezni, 
nastanek zasevkov in apoptozo. Izražanje MMP je povezano s preživetjem pri MM. Cilj naše 
raziskave je bil preveriti vpliv genetske variabilnosti genov MMP na tveganje za nastanek in 
preživetje pri MM. Želeli smo tudi raziskati povezavo med genetskimi polimorfizmi in 
izražanjem MMP9 ter vpliv serumske koncentracije MMP9 na preživetje in napredovanje MM. 
Metode: V prvi del naše raziskave, kjer smo določali tveganje za nastanek MM, smo vključili 
236 bolnikov in 161 zdravih krvodajalcev. Z alelno specifičnim PCR (KASPAR) smo določili 
deset polimorfizmov v treh genih MMP: MMP2 rs243865, rs243849 and rs7201, MMP9 
rs17576, rs17577, rs2250889 in rs20544, ter MMP14 rs1042703, rs1042704 in rs743257. V 
drugem delu smo pri 199 bolnikih z MM preverjali pomen polimorfizmov MMP kot 
prognostičnih bioloških označevalcev. V tretjem delu raziskave smo pri 110 bolnikih določili 
izražanje MMP9 v serumu. Za statistično analizo smo uporabili aditivni in dominatni genetski 
model. Povezavo polimorfizmov s tveganjem za MM smo predstavili z razmerjem obetov (OR) 
in intervalom zaupanja (95% CI) izračunanimi z metodo logistične regresije. Vpliv serumske 
koncentracije MMP9 na preživetje in povezave s polimorfizmi MMP9 smo preverili z 
neparametričnimi testi, logistično in Coxovo regresijsko metodo. 
Rezultati: Nosilci vsaj enega polimorfnega alela MMP2 rs243865 so imeli manjše tveganje za 
nastanek MM (OR = 0,66, 95% CI = 0,44‒1,00; P = 0,050). Povezava je bila še bolj značilna 
pri bolnikih izpostavljenih azbestu, med katerimi so nosilci vsaj enega polimorfnega alela imeli 
pomembno manjše tveganje za MM (OR = 0,55, 95% CI = 0,35‒0,86; P = 0,009).  Nosilci vsaj 
enega polimorfnega alela MMP9 rs2250889 so imeli krajši čas do napredovanja bolezni (6,07 
vs. 10,03 mesecev, HR = 2,45, 95% CI = 1,45-4,14, p = 0,001) in krajše celokupno preživetje 
(9,23 vs. 19,2 mesecev, HR = 2,39, 95%CI = 1,37-4,18, p = 0,002). Nasprotno so imeli nosilci 
vsaj enega polimorfnega alela MMP9 rs20544 daljši čas do napredovanja bolezni (10,93 vs. 
9,40 mesecev, HR 0,57  95%CI = 0,38-0,86 p = 0,007) in daljše celokupno preživetje (20,67 
vs. 13,50 mesecev, HR 0,56  95%CI = 0,37-0,85, p = 0,007). Srednja serumska koncentracija 
MMP je bila pred zdravljenjem 706,7 (499,6-1224,9) ng/ml, po zdravljenju 440,5 (255,9-685,2) 
ng/ml in ob napredovanju bolezni 502,8 (307,2-851,4) ng/ml. Po kemoterapiji je bila razlika 
srednjih vrednosti MMP9 -286.3 (-607.3 do -70.2) ng/ml (P<0,001) za 87 bolnkov (79,8%). 
Tudi ob napredovanju bolezni je imelo 47 (65,3%) bolnikov nižjo serumsko koncentracijo 
MMP9, kot pred zdravljenjem. Srednja vrednost spremembe je bila 163,7 (-466,6 to 108,6) 
ng/ml (P = 0,001). Bolniki s slabšim stanjem zmogljivosti so imeli pred pričetkom zdravljenja 
višjo serumsko koncentracijo MMP9 kot ostali bolniki (P = 0,010). S koncentracijo serumskega 
MMP9 pred zdravljenjem je bil povezan samo MMP9 rs17576 (P=0,041). 
Zaključki: Polimorfizem MMP2 rs243865 ima lahko zaščitno vlogo pred razvojem malignega 
mezotelioma (MM). Dva izmed preiskovanih polimorfizmov, MMP9 rs2250889 in MMP9 
rs20544 sta povezana s preživetjem bolnikov z MM in bi lahko služila kot prognostična 
označevalca. Srednja serumska vrednost MMP9 se je razlikovala pred in po koncu zdravljenja 
MM, vendar razlika ni bila statistično pomembna. Serumska koncentracija MMP9 in značilni 
polimorfizmi MMP bi lahko doprinesli k boljši napovedni vrednosti sestavljenih bioloških 
označevalcev pri MM.  
 
III 
 
RAZŠIRJEN POVZETEK 
 
Uvod 
 
Maligni mezoteliom je redek, vendar izjemno agresiven tumor seroznih votlin, povezan 
predvsem z izpostavljenostjo azbestu. Incidenca malignega mezotelioma narašča tako v 
Sloveniji kot v svetu zaradi dolgega obdobja latence od izpostavljenosti azbestu do pojava 
bolezni. Latentno obdobje pri malignem mezoteliomu je lahko dolgo tudi več kot trideset let, 
zato v zadnjem desetletju v Sloveniji opažamo porast incidence.  
 
Pri večini bolnikov je ob diagnozi bolezen že napredovala, zato je srednje preživetje bolnikov 
slabo in se giblje med devetimi in dvanajstimi meseci. Vzročna povezanost med 
izpostavljenostjo azbestu in nastankom mezotelioma je bila raziskana in dokazana, dejavniki, 
ki vplivajo na potek in napredovanje bolezni pa so slabo raziskani.  
 
Eden izmed dejavnikov, ki lahko vplivajo na lokalno napredovanje, kot tudi na razsoj rakave 
bolezni, bi lahko bila aktivnost matriksnih metaloproteinaz (MMP). MMP so endopeptidaze, ki 
preoblikujejo tkivo in imajo ključno vlogo v procesih preoblikovanja tkiva, morfogeneze, 
angiogeneze in celjenja tkiv. Te osnovne vloge so pomembne tudi pri nastajanju metastaz in pri 
drugih boleznih, pri katerih igra pomembno vlogo preoblikovanje tkiv (akutni koronarni 
sindrom, KOPB, poškodbe glave, …) 
 
Dosedanje raziskave celotnega genoma so že pokazale, da tudi genetski polimorfizmi v genih 
za MMP predstavljajo dejavnike tveganja za nastanek malignega mezotelioma. Ni pa še znano, 
kako pri malignem mezoteliomu genetska variabilnost v genih za določene MMP vpliva na 
odgovor na zdravljenje in potek bolezni. Koncentracija matriksnih proteinaz v tkivih se ni 
izkazala kot pomemben dejavnik z vplivom ne preživetje.  
 
Čeprav se področje mezoteliomskih biooznačevalcev razvija zadnjih 30 let, so potrebi novi 
biološki označevalci, ki bi lahko usmerjali kemoterapijo, tarčno zdravljenje in imunoterapijo v 
prihodnosti.  
 
 
 
IV 
 
Namen in hipoteze 
 
Namen naše raziskave je ugotoviti, ali je genetska variabilnost matriksnih metaloproteinaz 
(MMP) označevalec odgovora na zdravljenje in potek bolezni pri bolnikih z malignim 
mezoteliomom. 
 
Hipoteze 
 Genetska variabilnost metaloproteinaz je lahko označevalec tveganja za nastanek 
malignega mezotelioma. 
 Pogosti funkcionalni in označevalni polimorfizmi v izbranih genih za matriksne 
metaloproteinaze (MMP) vplivajo na odgovor na zdravljenje, preživetje do 
napredovanja bolezni in celokupno preživetje in stranske učinke zdravljenja pri bolnikih 
z malignim mezoteliomom. 
 Genetska variabilnost metaloproteinaz je povezana z stadijem in histološkim podtipom 
malignega mezotelioma. 
 
Rezultati 
 
Nosilci vsaj enega polimorfnega alela MMP2 rs243865 so imeli manjše tveganje za MM (OR 
= 66, 95% CI = 0,44-1,00; P = 0,050). Povezava je še bolj pomembna pri bolnikih predhodno 
izpostavljenih azbestu (OR = 55, 95% CI = 0,35-0,86; P = 0,009). Preostali testirani 
polimorfizmi niso imeli pomembne povezave z tveganjem za MM. 
 
Nosilci polimorfnega alela MMP9 rs2250889 so imeli krajši čas do napredovanja bolezni (6,07 
vs 10,03 meseca, HR = 2,45, 95% CI = 1,45-4,14, p = 0,001) in krajše celokupno preživetje 
(CP) (9,23 vs 19,2 meseca, HR = 2,39, 95%CI = 1,37-4,18, p = 0,002). Nasprotno, so imeli 
nosilci vsaj enega polimorfnega alela MMP9 rs20544 daljši čas do napredovanja bolezni (10,93 
vs 9,40 mesece, HR = 0,57, 95%CI = 0,38-0,86, p = 0,007) in daljše celokupno preživetje  
(20,67 vs 13,5 mesecev, HR = 0,56, 95%CI = 0,37-0,85, p = 0,007). MMP14 rs1042703 
polimorfizem je bil povezan z neznačilno krajšim časom do napredovanja bolezni (8,7 vs 9,27 
mesecev, HR = 2,09, 95%CI = 1,06-4,12, p = 0,032). Srednja serumska koncentracija MMP9 
je bila 706,7 (499,6-1224,9) ng/ml pred kemoterapijo, 440,5 (255,9-685,2) ng/ml po zaključeni 
kemoterapiji ter 502,8 (307,2-851,4) ng/ml ob napredovanju bolezni. Po kemoterapiji je imelo 
 
V 
 
87 (79,8%) bolnikov nižjo serumsko koncentracijo MMP9 s srednjo vrednostjo spremembe -
286,3 (-607,3 do -70,2) ng/ml (p<0,001). Ob progresu bolezni je imelo 47 (65,3%) bolnikov 
nižjo serumsko koncentracijo MMP9 v primerjavi z vrednostmi pred zdravljenjem, srednja 
vednost spremembe je bila -163,7 (-466,6 do 108,6) ng/ml (p = 0,001). Bolniki s slabšim 
stanjem zmogljivosti so imeli višje serumske koncentracije MMP9 pred zdravljenjem (p = 
0,010). Med raziskanimi polimorfizmi smo le pri MMP9 rs17576 dokazali povezavo s 
serumsko koncentracijo MMP9 pred kemoterapijo (p = 0,041). 
 
Med preiskovanimi polimorfizmi MMP9 je bil samo genotip MMP9 rs 2250889 CG statistično 
značilno povezan z epiteloidnim in sarkomatoidnim histološkim podtipom MM (OR 3,84, 95% 
CI 1,3-11,32, p = 0,015). 
 
Razprava  
 
V prvem delu naše študije smo raziskovali vlogo MMP pri oceni tveganja za nastanek MM. 
Predhodne študije so pokazale pomembno vlogo MMP in njihovih polimorfizmov, vendar 
vloga MMP2, MMP9 in MMP14 pri tveganju za nastanek malignega mezotelioma (MM) še ni 
bila raziskana. Ugotovili smo, da imajo nosilci genotipov MMP2 rs243865 CT ali TT 
pomembno manjše tveganje za nastanek MM v primerjavi z zdravimi krvodajalaci, še posebaj 
je to tveganje izraženo v povezavi z izpostavljenostjo azbestu. 
 
MMP2 rs243865 (c.-1306C>T) je polimorfizem v regulatornem področju, ki vpliva na vezavo 
transkripcijskih faktorjev in posledično spremeni zgradbo kromatina in izražanje gena. Vloga 
alela MMP2 rs243865 T še ni povsem jasna, saj ima lahko pri nekaterih rakih zaščitno vlogo, 
pri drugih pa ne. Skladno z našo študijo sta dve metaanalizi potrdili zaščitno vlogo MMP2 
rs243865 pri pljučnem raku. Ravno tako so poročali o zaščitni vlogi MMP2 rs243865 pri raku 
ledvic in mehurja. Vse raziskave, kjer ima MMP2 rs243865 zaščitno vlogo, kažejo večjo 
pogostost alela T v vzhodno-azijski populaciji. Pri razlagi vpliva posameznih polimorfizmov 
na tveganje, je torej potrebno upoštevati tudi raziskovano populacijo, saj se frekvenca alelov v 
različnih populacijah lahko razlikuje. Ko ocenjujemo tveganje za nastanek bolezni, je potrebno 
vključiti v oceno tveganja tudi znane dejavnike, kot so: kajenje, oz. v našem primeru, 
izpostavljenost azbestu. Rezultati naše študije kažejo, da ima MMP2 rs243865 še bolj 
pomembno vlogo pri bolnikih, ki so bili izpostavljeni azbestu. 
 
VI 
 
V drugem delu naše raziskave smo se osredotočili na vpliv polimorfizmov MMP2, MMP9 in 
MMP14 na čas do napredovanja bolezni in na celokupno preživetje. Trije izmed desetih 
določenih polimorfizmov so imeli statistično značilen vpliv tako na čas do napredovanja 
bolezni, kot tudi na preživetje. Polimorfni genotip MMP9 rs2250889 (c.1721C>G) je bil 
statistično značilno povezan s krajšim časom do napredovanja bolezni in s krajšim celokupnim 
preživetjem. Biološka vloga tega polimorfizma ni povsem znana, vendar lahko spremeni 
aminokislinsko zaporedje (zamenjava p. Arg574Pro) ali pa vpliva na zorenje mRNA. 
 
Nasproten učinek, daljši čas do napredovanja bolezni in celokupno preživetje, smo opazili pri 
MMP9 rs25044, kar kaže na široko vlogo MMP9, ki lahko spodbuja lokalno napredovanje in 
metastaziranje tumorja, hkrati pa lahko s svojim protivnetnim in antiangiogenim delovanjem, 
zavre napredovanje tumorja. MMP14 rs1042703 je imel v naši študiji vpliv na čas do 
napredovanja bolezni, vendar šele po prilagoditvi za dejavnike kot so izguba teže, histološki 
podtip in stanje zmogljivosti. 
 
Ker sta sev drugem delu naše študije za pomembna izkazala dva polimorfizma gena MMP9, 
nas je zanimala morebitna vloga serumske beljakovine MMP9 kot biološkega označevalca. 
Raziskovali smo spremembe serumske koncentracije pred zdravljenjem, po zdravljenju s 
kemoterapijo in ob napredovanju bolezni. Koncentracija MMP9 je bila nižja ob koncu 
zdravljenja, nato se je ponovno zvišala ob napredovanju bolezni. Razlike v koncentraciji MMP9 
pa niso bile statistično pomembne in niso vplivale na čas do napredovanja bolezni ter na 
celokupno preživetje. Statistično pomembna pa je bila povezava med serumsko koncentracijo 
MMP9 in stanjem zmogljivosti po ECOG. Bolniki s stanjem zmogljivosti 2 ali več po ECOG 
(počivajo več kot polovico budnih ur dneva) so imeli značilno višje izhodne vrednosti MMP9 
v serumu. Naslednja značilna povezava, ki smo jo ugotovili, je bila med polimorfizom MMP9 
rs17576 in izražanjem MMP9 v serumu. Nosilci genotipa MMP9 rs17576 GG so imeli višje 
koncentracije MMP9 v serumu. 
 
Ker imata stadij in histologija pomembno vlogo pri napredovanju bolezni in preživetju pri MM, 
smo preverili tudi povezavo polimorfizmi genov MMP s temi dejavniki. Statistično pomembna 
je bila le povezava med genotipom MMP9 rs2250889 CG pri epiteloidnem in sarkomatoidnem 
MM.  
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Zaključki 
 
Matriksne metaloproteinaze so lahko biološki označevalci tako tveganja za nastanek, kot tudi 
napredovanja bolezni in preživetja pri malignem mezoteliomu. 
 
Potrdili smo naslednje hipoteze: 
 genetska variabilnost v izbranih MMP je biološki označevalec tveganja za nastanek 
mesotelioma 
 funkcionalni in “tagging” polimorfizmi v izbranih MMP vplivajo na napredovanje 
bolezni in preživetje pri mesoteliomu 
Nismo pa potrdili hipoteze, da je genetska variabilnost povezana s TNM stadijem in 
histološkimi podtipi. 
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1 INTRODUCTION 
 
1.1 Epidemiology of malignant mesothelioma 
Malignant mesothelioma (MM) of pleura is a rare disease, linked to asbestos exposure in more 
than 80% of the cases. The worldwide incidence of mesothelioma is approximately 94,000 
cases per year. The incidence is rising worldwide, with the most affected areas being Europe, 
Australia, and the USA (1). Considering that the peak of asbestos exposure was in the 1970s 
and 1980s, the long latency period has produced the highest mesothelioma incidence in the last 
decade (1). However, the mesothelioma geographic and epidemiological data are lacking for a 
large majority of the world population, while some countries keep precise registry data (Figure 
1) (2). 
 
 
Figure 1: Incidence rate of Finnish population, source: Global mesothelioma epidemic: Trend 
and features from Bianchi et al (2014) (3) 
 
The latency period can last up to thirty years and estimated median survival is from 9–12 
months. The rising incidence worldwide, is the result of the long latency period after asbestos 
exposure. The ban on asbestos use has been enforced by 55 countries (4). It is unclear, whether 
the type of asbestos fibers (Figure 2) is a potential risk in combination with the latency period 
and the time of exposure. A Polish study observed that exposure to the crocidolite type fibers, 
 
2 
 
was associated with a very high significant mesothelioma risk, 5-fold higher for those working 
with mixed type fibers, compared to the subjects who worked only with chrysotile (5). 
 
Figure 2: Type of asbestos fibers found in nature, source: Asbestosnetwork.com (2019) (6)  
 
The Slovenian national registry follows the data on mesothelioma since 1961, and the current 
incidence is about 39 new cases per year in a population of roughly 2 million (Figure 3). The 
incidence of mesothelioma in Slovenia has been rising, mainly because of the endemic areas 
related to the asbestos manufacturing). A population based survey was published in 2012. This 
large retrospective study analyzed incidence, survival and treatment of Slovenian mesothelioma 
population in a period between 1974 and 2008. The epidemiological survey confirmed the rising 
15 year incidence of mesothelioma in Slovenian population and an improved median survival, 
possibly due to better diagnosis and treatment (7). 
 
 
Figure 3: Incidence rate of the Slovene population, Cancer registry of Republic of Slovenia, 
www.slora.si (2019) (8). 
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1.2 Histology of malignant mesothelioma 
Malignant mesothelioma is a localized disease that rarely metastasizes. Histologically it can be 
divided into epitheloid, sarcomatoid and biphasic mesothelioma. The most frequent histological 
type is epitheloid mesothelioma, followed by sarcomatoid and biphasic types. These 
histological subtypes also effect overall survival. Patients with epitheloid mesothelioma have a 
somewhat better overall survival then patients with biphasic and sarcomatoid subtypes (9). 
 
1.3 Treatment of malignant mesothelioma 
Over the last decade, the standard treatment of mesothelioma has not changed. It relies on 
surgery, chemotherapy, and radiation-based approaches (10). In Slovenia, chemotherapy with 
cisplatin doublets became a standard part of multimodal treatment in 2003. This led to improved 
median survival of 13.6 months (7). The influence of platinum pathway and folate pathway 
polymorphisms on treatment outcome and toxicity has been studied extensively in the 
Slovenian MM population (11). The most recent study proposed an algorithm based on clinical 
pharmacogenetic models for stratification of MM patients and personalized cancer treatment 
(12). Newer treatment options, including targeted treatments and immunotherapy, are being 
researched and implemented in clinical trials, with the aim of further improving treatment 
outcome in MM (13,14). Although several clinical (gender, age, ECOG performance status…), 
and genetic (chromosomal alterations, DNA methylation, and microRNA expression) factors 
were reported to be associated with mechanisms linked to risk for MM and/or its progression, 
better biomarkers that could help predict survival of these patient are needed (15,16). 
 
1.4 Biomarkers in malignant mesothelioma 
Diagnosing MM and following the responses to treatment has been a long-standing challenge 
in the last 30 years. Acquiring tissue samples and radiological follow up has been proven 
difficult, therefore there is a need for easily accessible serum/plasma biomarkers (17). 
Mesothelioma biomarkers can be roughly divided into different categories: soluble 
glycoproteins (mesothelin, fibulin), genetic and epigenetic biomarkers (DNA SNPs, miRNAs) 
and newly emerging, proteomic biomarkers. The only clinically approved biomarker in 
mesothelioma is mesothelin. Mesothelin is overexpressed and released into the blood in 
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mesothelioma patients, but has low specificity and sensitivity (18). The study of single 
nucleotide polymorphisms (SNPs) is well underway in different cancers. SNPs are nucleotid 
changes that are mostly present in noncoding gene regions. Only a small percentage (around 
3%) are located inside an exon and may, therefore alter gene function. More than 40 million 
SNPs have been described, but only 10% are disease causing. There is a lack of understanding 
between described SNPs and their potential role in disease or as biomarkers, therefore they are 
putative function SNPs. Intronic SNPs can effect DNA splicing and can also be of interest as 
biomarkers (19). 
These SNPs, albeit with putative function, can serve as disease biomarkers in MM. While 
mesothelin is the most studied soluble glycoprotein, there have been efforts to find associations 
with MSLN gene SNPs. MSLN gene expression was associated with rs3764247 (20). 
Furthermore, polymorphisms in the DNA repair genes, such as XRCC1, NBN, RAD51, and 
XRCC3 have been proposed as biomarkers of response to cisplatinum based chemotherapy 
(21). 
The need for better diagnostic and prognostic biomarkers, stimulated the field of micro RNA 
(miRNA) research. Different miRNA families have been proposed (e.g., let-7, miR-15 and 
miR-16, miR-21, miR-34a and miR-200), but the data is heterogeneous and this biomarker field 
needs to be further explored (22). The technical development of the field of antibody proteomics 
has presented a new approach in researching potential numerous biomarkers in the secretomes 
and exosomes of malignant mesothelioma (23). In the future a combination of proteomic and 
genomic approaches will result in panels of biomarkers that could have diagnostic, follow up 
and prognostic values (24). 
 
1.5 The biological role of metalloproteinases 
Metalloproteinases (MMPs) are endopeptidases involved in tissue remodeling. They were first 
discovered in the 1960s, by Gross and Lapiere. There have been 28 MMPs discovered to date 
with their specific biological roles (25). 
All metalloproteinases have a common structure with the three common domains (Figure 4) 
These are the catalytic domain, the haemopexin-like C-terminal domain and the pro-peptide 
domain. MMPs are in a zymogen state before the activation takes place. They are activated by 
a cysteine residue that interacts with Zn²+ at the active site (26)
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Figure 4: The structure of metalloproteinases, Seesaw of matrix metalloproteinases (MMPs), 
Kapoor et al (2016) (27). 
 
MMPs have a pivotal role in physiological processes, such as tissue remodeling, 
morphogenesis, angiogenesis and tissue repair. This central role of tissue remodeling 
contributes to their role in metastasis and other diseases that involve connective tissue, such as 
acute coronary syndrome, COPD, brain injury, etc. (28). 
Among the most important metalloproteinases are MMP2, MMP9 and MMP14. The MMP2 
and MMP9 are secreted gelatinases. Their main substrates are type IV collagen and gelatin. 
MMP14 is a type I transmembrane bound MMP, with substrates that include gelatin, fibronectin 
and laminin (29). 
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1.6 Genetic variability of metalloproteinases 
All of the MMP genes have putative functional genetic polymorphisms that may influence the 
structure and function of the MMPs. The most frequently studied genes are MMP2, MMP9, 
MMP1, and MMP7. 
The majority of studies investigating the role of SNPs in MMP genes focused on baseline risk 
prediction and susceptibility for different tumor types. Rare tumors, such as osteosarcoma, were 
investigated in large populations. The patients with MMP2 SNP rs243865 had increased risk 
for osteosarcoma (26). More common tumors, such as breast cancer and colorectal cancer were 
also studied frequently. They reported that carriers of the MMP-2 C (-1306) T polymorphism 
are at increased risk of breast cancer in Saudi population (30). A Swedish study investigated 
MMP12 and MMP13 polymorphisms in progression of rectal cancer. They concluded that 
MMP12 rs2276109 polymorphism is connected with higher risk of colorectal cancer (31).  
These and other studies confirm that genetic polymorphisms of MMPs and their predictive 
values are highly population dependent. It is important to consider allele frequency when 
studying genetic polymorphisms, since highly significant SNPs in one population can be 
insignificant in another population (32).  
Even though the risk prediction and susceptibility were often studied in different tumors and 
populations, the correlation between MMP SNPs and clinical parameters, such as overall 
survival and time to progression, is not reported as frequently. Only a few studies investigated 
the potential the role of SNPs as prognostic markers. A study on a cohort of colorectal patients 
that analyzed the role of MMP SNPs was published but failed to reach clinical significance (33).  
On the other hand, breast cancer analyses reported that the MMP SNPs influence cancer 
behavior and can predict lymph node metastasis and poor prognosis (34). 
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1.7 Metalloproteinases in malignant mesothelioma 
The role of MMPs in mesothelioma was first studied in early 2000s. In the earliest studies tissue 
expression of MMP2 and MMP9 was investigated, mainly in pleural effusion and histological 
samples, showing that MMP2 expression was significantly higher in tumor tissues then in 
controls (35).  
Furthermore, MMPs and their tissue inhibitor metalloproteinases (TIMPs), were tested in risk 
stratification study as potential early diagnostic biomarkers. The aim of that study was to find 
easily accessible blood markers. The MMP2 and MMP9 concentrations in blood samples did 
not show diagnostic value for early detection of malignant mesothelioma (36). The focus on 
linking MMPs to mesothelioma survival and progression was explored by Crispi et al, who 
reported that the relative risk of death was lower in patients with lower MMP14 expression in 
pleural specimens. This study also proposed MMP14 as a possible therapeutic target (37). 
While the therapeutic options in mesothelioma are few and give poor results, the widely 
expressed MMPs were explored as possible targets for tyrosine kinase inhibitors, albeit only in 
cell lines (38). The biological role of MMPs and the studies proposing MMPs as potential 
biomarkers in mesothelioma led us to further explore their genetics and their clinical 
implication in MM. 
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UVOD 
 
1.1 Epidemiologija malignega mezotelioma 
Maligni mezoteliom (MM) plevre je redka bolezen, ki je v približno 80% povezana z 
izpostavljenostjo azbestu. Svetovna incidenca mezotelioma znaša 94000 novih primerov letno. 
Incidenca narašča v celotnem svetovnem merilu, med najbolj prizadetimi celinami so Evropa, 
Avstralija in Severna Amerika (1). V svetu je bila največja izpostavljenost azbestu v 70. in 80. 
letih prejšnjega stoletja. Naraščajoča incidenca v zadnjem desetletju je posledica dolge latentne 
dobe izpostavljenosti azbestu (2). Geografski in epidemiološki podatki so pomankljivi za 
večino svetovne populacije, vendar imajo nekatere države natančne podatke v svojih 
nacionalnih registrih (Slika 1) (3). 
 
Slika 1: Incidenca mezotelioma v finski populaciji. Vir: Global mesothelioma epidemic: Trend 
and features from Bianchi et al (2014) (3)  
Latentno obdobje lahko traja do trideset let, medtem ko je srednje preživetje od 9-12 mesecev. 
Posledično zaradi dolge latence incidenca MM v svetu narašča, čeprav je vsaj 55 držav sveta 
že prepovedalo uporabo azbesta (4). Ni še povsem jasno, ali je dejavnik tveganja za nastanek 
MM tudi vrsta azbestnih vlaken (Slika 2). V Poljski študiji so opazovali izpostavljenost 
krokidolitnemu tipu vlaken in ugotovili višje tveganje za nastanek MM.  
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Pri mešanem tipu vlaken je bilo tveganje za MM 5 krat večje kot samo pri krizolitnih vlaknih 
(5). 
 
Slika 2:  Azbestna vlakna prisotna v naravi.Vir: Asbestosnetwork.com (2019) (6) 
Slovenski nacionalni register zbira podatke o MM od leta 1961. Trenutna incidenca je 39 novih 
primerov letno v populaciji dveh milijonov (Slika 3). Incidenca MM v Sloveniji v zadnjih letih 
narašča, predvsem zaradi endemičnih področij, ki so bila povezana s predelavo in proizvodnjo 
azbesta. V letu 2012 je bila objavljena retrospektivna populacijska študija, ki je vključevala 
bolnike od leta 1974 do leta 2008. Opisana je bila incidenca, preživetje in zdravljenje v tej 
populaciji. Zaključili so, da je incidenca v zadnjih 15 letih opazovanja v slovenski populaciji 
močno narastla, hkrati pa se je podaljšalo srednje preživetje, verjetno zaradi boljših 
diagnostičnih metod in zdravljenja (7). 
 
Slika 3: Incidenca mezotelioma v slovenski populaciji. Vir: Register raka Republike Slovenije 
www.slora.si (2019) (8). 
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1.2 Histologija malignega mezotelioma 
MM je bolezen, ki napreduje lokalno in le redko zaseva. Histološko se deli v epiteloidni, 
sarkomatoidni in bifazni mezoteliom. Najpogostejši je epiteloidni mezoteliom, sledijo mu 
sarkomatoidni in bifazni tip. Histološki podtipi imajo lahko vpliv na celokupno preživetje. 
Bolniki z epiteloidnim mezoteliomom imajo nekoliko boljše celokupno preživetje od tistih z 
bifaznim in sarkomatoidnim (9). 
 
1.3 Zdravljenje malignega mezotelioma 
Zdravljenje MM je v zadnjem desetletju ostalo nespremenjeno. Temelji na trimodalnem 
pristopu, ki vključuje kirurgijo, kemoterapijo in obsevanje (10). Zdravljenje z dvojčki cisplatina 
je v Sloveniji del kemoterapevtskega zdravljenja od leta 2003. Trimodalni pristop in uvedba 
kemoterapije s platino je najverjetneje privedla do boljšega srednjega preživetja 13,6 mesecev 
(7). Vpliv metabolnih pot platine in folatov na izhod zdravljenja ter toksičnost je bil natančno 
raziskan na kohorti naših bolnikov (11). Izdelan je bil celo algoritem, ki vključuje 
farmakogenetski model za bolj natančen izbor bolnikov glede na njihov odziv na kemoterapijo 
(12). V zadnjem času so v ospredju novi raziskovalni pristopi, tako tarčnih zdravil kot 
imunoterapije, ki bi lahko izboljšali odgovor na zdravljenje in preživetje pri MM (13,14). 
Čeprav je bilo na MM objavljenih veliko del, ki so vključevala tako klinične (spol, starost, 
ECOG stanje zmogljivosti, …), kot tudi genetske (kromosomske spremembe, metilacije DNA 
in miRNA) dejavnike tveganja za nastanek ter za napredovanje MM, so še vedno potrebni novi 
biološki označevalci pri MM (15,16). 
 
1.4 Biološki označevalci pri malignem mezoteliomu 
Diagnosticiranje in spremljanje odgovora na zdravljenje pri MM je stalen izziv zadnjih 30 let. 
Pridobivanje tkivnih vzorcev in natančno radiološko spremljanje, oz. diagnosticiranje je pri 
MM zahtevno, zato se raziskujejo enostavno dostopni serumski in plazemski biološki 
označevalci (17). Biološke označevalce pri MM lahko razdelimo na: topne glikoproteine 
(mezotlin, fibulin), genetske in epigentske biološke označevalce (SNP v DNA, miRNA) in 
novejše proteomske biološke označevalce. Od vseh raziskovanih biooznačevalcev se je v 
klinični rabi najbolj uveljavil mezotelin. Mezotelin se izloča v kri bolnikov z MM in je 
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enostavno dostopen, vendar ima nizko specifičnost in senzitivnost (18). Raziskovanje 
polimorfizmov posameznih nukleotidov (SNP) je že pristno pri pogostejših rakih. SNP 
predstavljajo spremembo enega nukleotida in so najpogosteje prisotni v nekodirajočih 
področjih gena. Le majhen odstotek polimorfizmov (3%) je prisoten znotraj eksonov in lahko 
posledično spremeni funkcijo gena. Do sedaj je bil opisanih več kot 40 milijonov 
polimorfizmov, vendar je le približno 10% le-teh povezanih z boleznimi. Povezava med 
znanimi polimorfizmi in njihovo funkcijo kot povzročitelji bolezni, ali kot biološki označevalci, 
še vedno ni povsem znana. Tudi intronski polimorfizmi, ki ne spremenijo funkcije gena, lahko 
delujejo kot biološki označevalci (19).  
Pri MM je zanimiv gen za mezotelin (MSLN), v katerem so raziskovali vlogo različnih 
polimorfizmov. Ugotovili so vpliv polimorfizma rs3764247 na izražanje gena MSLN (20). Tudi 
polimorfizmi v popravljalnih genih XRCC1, NBN, RAD51 in XRCC3 so bili raziskovani kot 
biološki označevalci odgovora na zdravljenje s kemoterapijo na osnovi cisplatina (21).  
Potreba po boljših diagnostičnih in prognostičnih bioloških označevalcih je bila gonilo pri 
razvoju raziskovanja mikroRNA (miRNA). Različne skupine miRNA (let-7, miR-15, miR-16, 
miR-21, miR-43a in miR-200) so bile predlagane kot potencialni biološki označevalci, vendar 
so potrebne nadaljne raziskave, zaradi precej heterogenih podatkov (22).  
Tehnološki razvoj v proteomiki protiteles predstavlja nov pristop v raziskovanju večjega števila 
potencialnih biooznačevalcev v sekretomih in eksosomih MM (23). 
Bodoči razvoj vključuje tako genomske kot proteomske tehnike in vodi v nastanek sestavljenih 
(panelskih) biooznačevalcev, ki lahko olajšajo diagnostiko, spremljanje in prognozo MM (24). 
 
1.5 Biološka vloga metaloproteinaz 
Matriksne metaloproteinaze (MMP) so endopeptidaze, ki preoblikujejo tkivo. Prvič so bile 
odkrite in opisane v 60. letih 20. stoletja. Do danes je bilo opisanih 28 MMP z različnimi 
biološkimi vlogami (25). 
Vse metaloproteinaze imajo skupno ogrodje treh domen (Slika 4). To so katalitična domena, 
hemopeksinu podobna C terminalna domena in propeptidna domena. MMP so v zimogenem, 
neaktivnem stanju pred aktivacijo. Aktivirajo se preko interakcije cisteina s Zn² na aktivnem 
mestu (26).  
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Slika 4: Zgradba metaloproteinaz. Vir: Seesaw of matrix metalloproteinases (MMPs), Kapoor 
et al (2016) (27). 
 
MMP imajo ključno vlogo v procesih preoblikovanja tkiva, morfogeneze, angiogeneze in 
celjenja tkiv. Te osnovne vloge so pomembne pri nastajanju metastaz in drugih bolezni, pri 
katerih igra pomembno vlogo preoblikovanje tkiv (akutni koronarni sindrom, KOPB, poškodbe 
glave, …) (28). 
Med najbolj pomembnimi so MMP2, MMP9 in MMP14. MMP2 in MMP9 so sekretabilne 
metaloproteinaze s substrati kot sta kolagen IV in gelatin. MMP 14 pa je transmembranska 
metaloproteinaza tipa I s substrati kot so gelatin, fibronektin in laminin (29). 
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1.6 Genetska variabilnost metaloproteinaz 
Vsi geni za metaloproteinaze (MMP), imajo genske polimorfizme, ki lahko spremenijo zgradbo 
in vlogo MMP. Najpogosteje raziskovani geni so: MMP2, MMP9, MMP1 in MMP7. 
Veliko študij je raziskovalo vlogo polimorfizmov pri nagnjenosti in tveganju za nastanek 
različnih tumorjev. Polimorfizmi genov pri redkih tumorjih, kot je npr. osteosarkom, so bili 
raziskani v večjih populacijah. Bolniki z MMP2 SNP rs243865 so imeli večje tveganje za 
nastanek osteosarkoma v kitajski Han populaciji (26). Tudi pogostejši tumorji kot je rak dojke 
in kolorektalni rak so bili pogosto preučevani. Nosilici polimorfizma MMP2 C (-1306) T so 
imeli večje tveganje za nastanek raka dojke v saudski populaciji (30). Švedska študija je 
raziskovala polimorfizme MMP12 in MMP13 v vlogi biooznačevalcev napredovanja raka 
danke. Ugotovili so, da je polimorfizem MMP12 rs2276109 povezan z večjim tveganjem za 
nastanek kolorektalnega raka (31). 
Zgoraj opisane in druge študije poudarjajo pomen raziskovanja polimorfizmov MMP v 
različnih svetovnih populacijah. Pri raziskovanju polimorfizmov je pomembna frekvenca 
alelov, ki se pojavlja znotraj določene populacije, saj so lahko nekateri polimorfizmi v eni 
populaciji veliko pogostejši kot v drugi (32). Le nekatere študije so poleg tveganja raziskovale 
tudi vlogo polimorfizmov kot napovednih bioloških označevalcev. Študija, ki je raziskovala 
vpliv polimorfizmov MMP na preživetje bolnikov s kolorektalnim rakom ni dosegla statistično 
pomembnih rezultatov (33). Pri raziskovanju raka dojke pa so dokazali, da imajo lahko 
polimorfizmi MMP napovedno vrednost pri napredovanju bolezni in slabši prognozi (34). 
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1.7 Metaloproteinaze pri malignem mezoteliomu 
Raziskovanje MMP pri MM se je začelo v zgodnjih 2000. Najprej so raziskovali izražanje 
MMP2 in MMP9 v tkivih plevre in plevralnem izlivu, kjer so dokazali večjo koncentracijo 
omenjenih MMP v tumorskih kot v zdravih tkivih (33). Nato so začeli raziskovati MMP in 
njihove inhibitorje (TIMP) kot morebitne diagnostične biomarkerje v krvi obolelih z MM. 
Koncentracije MMP2 in MMP9 se v krvi niso izkazale kot pomemben diagnostičen 
označevalec (36).  
Crispi in sod. so prvi raziskovali povezavo med izražanjem MMP14 v vzorcih plevre in 
preživetjem ter napredovanjem MM. Ugotovili so, da je bilo relativno tveganje smrti nižje pri 
bolnikih z nižjim izražanjem MMP14. MMP14 so predlagali kot potencialno tarčo za tarčna 
zdravila (37). Ker so možnosti zdravljenja MM maloštevilne, so tudi MMP14 predlagali kot 
tarčo tirozin kinaznih inhibitorjev (TKI), vendar so bile raziskave opravljene samo na celičnih 
linijah (38). 
Pomembna biološka vloga MMP in podatki v literaturi, ki MMP predlagajo kot potencialne 
biološke označevalce, so nas spodbudili k raziskavi polimorfizmov MMP pri mezoteliomu. 
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2 AIM AND HYPOTHESIS 
 
1. Genetic variability in selected MMP2 genes could be a biomarker in for risk assessment in 
mesothelioma. 
2. Functional and tagging polymorphism in selected MMP genes can influence response to 
treatment, time to progression (TTP), overall survival (OS) and possible side effects. 
3. Genetic variability in selected MMP genes correlates with the TNM stage in respective 
histological mesothelioma subtypes. 
 
 
CILJ IN HIPOTEZE 
1. Genetska variabilnost metaloproteinaz je lahko označevalec tveganja za nastanek 
malignega mezotelioma. 
2. Pogosti funkcionalni in označevalni polimorfizmi v izbranih genih za matriksne 
metaloproteinaze (MMP) vplivajo na odgovor na zdravljenje, preživetje do napredovanja 
bolezni in celokupno preživetje in stranske učinke zdravljenja pri bolnikih z malignim 
mezoteliomom. 
3. Genetska variabilnost izbranih genov MMP  je povezana z stadijem in histološkim podtipom 
malignega mezotelioma. 
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3 PATIENTS AND METHODS 
 
3.1 Patients 
In total, 236 patients with histologically confirmed pleural or peritoneal mesothelioma 
diagnosed and treated between 2007 and 2016 were included in the retrospective study of MMP 
polymorphisms as prognostic biomarkers in MM. Patients were diagnosed mostly at the 
University Clinic Golnik and at the Department of Thoracic Surgery of the University Medical 
Centre Ljubljana. Patients were treated and followed-up at the Institute of Oncology Ljubljana, 
Slovenia. 
All of the patients were included consecutively as they were coming for the clinical 
appointments. The majority of patients had performance status of 0-2 (ECOG) and they were 
the ones receiving chemotherapy. However, elderly patients with ECOG performance status of 
3, considered only for best supportive care, were also included. Due to the rarity of the disease 
and the size of the general population, no additional selection criteria were used. 
A total of 161 healthy blood donors were included as a control group in the study of baseline 
risk assessment for MM. 
For the study of MMP9 protein levels in the serum we included 110 patients with MM that had 
serum samples available at diagnosis and after chemotherapy or at disease progression. 
 
3.2  Molecular – genetic analysis 
3.2.1 Bioinformatic methods 
Potential candidate genes of MMPs were selected after screening the literature for published 
data in MM, using databases such as PubMed (www.ncbi.nlm.nih.gov/pubmed ). The ten 
studied polymorphisms (SNPs) were chosen using the bioinformatic tools LD Tag SNP 
Selection that analyze linkage disequilibrium and predict the possible polymorphism function 
(39). Genotype frequency was calculated using the National Center for Biotechnology 
Information databases (NCBI) databases (40). Putatively functional SNPs with minor allele 
frequency of at least 5% in European population were selected for analysis: all non-
synonymous SNPs and SNPs in 3’ and 5’ untranslated regions. No SNPs in intronic regions 
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were selected. Additionally, some SNPs were selected based on previously published literature 
(41). Ten different polymorphisms in three MMP genes fulfilling these criteria were genotyped: 
MMP2 rs243865, rs243849 and rs7201, MMP9 rs17576, rs17577, rs2250889 and rs20544, and 
MMP14 rs1042703, rs1042704 and rs743257. Predicted function of these polymorphisms was 
assessed using SNP Function prediction. For SNPs in 5’ or 3’ untranslated regions, HaploReg 
v4.1 and GTEx were also used (42,43) . 
 
3.2.2 DNA extraction and genotyping 
Genomic DNA was extracted from whole-blood frozen samples collected at the inclusion in 
any of the above mentioned studies using the Qiagen FlexiGene Kit (Qiagen, Hilden, Germany) 
in accordance with the manufacturer's instructions.  
The genotyping of all the SNPs was carried out using a fluorescence-based competitive allele-
specific PCR assay (KASPar), according to the manufacturer's instructions (LGC Genomics, 
UK). For all investigated polymorphisms, 15% of samples were genotyped in duplicates. 
Genotyping quality control criteria included 100% duplicate call rate and 95% SNP-wise call 
rate. 
 
3.2.3 MMP9 serum levels measurements 
MMP9 serum levels were measured using enzyme-linked immunosorbent assay (ELISA) kits 
according to the manufacturer’s instructions (Quantikine ELISA, R&D Systems, Minneapolis, 
USA). This assay enables detection of natural human and recombinant MMP9, both the 92kDa 
Pro-MMP9 form and the active 82 kDa MMP9 form. Minimum detectable dose of the assay is 
0.156 ng/ml. The manufacturer of the assay reports the intra-assay coefficient of variation (CV) 
for MMP-9 as 1.9- 2.9% and inter-assay CV as 6.9-7.9%. In our study, serum samples were 
diluted 100-fold. Standard curve was calculated using a four parameter logistic curve fit. 
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3.3 Statistical data analysis 
Continuous and categorical variables were described using median and range (25%-75%) and 
frequencies, respectively. Deviation from the Hardy-Weinberg equilibrium (HWE) was 
assessed using the standard chi- square test.  
For binary categorical outcome variables, logistic regression was used to calculate odds ratios 
(ORs) and their 95% confidence intervals (CIs). 
Survival analysis was performed using Cox regression to calculate hazard ratios (HRs) and their 
95% confidence intervals (CIs). The Kaplan-Meier analysis was used to calculate the median 
survival and follow-up times. Clinical variables used for adjustment in multivariable survival 
analysis were selected from clinical variables at diagnosis using stepwise forward conditional 
selection. 
All statistical tests were two sided. To reduce the chance of false positive results in SNP 
analysis, multiple testing analysis by false discovery rate from the Genetic Type I error 
calculator was used to select the threshold for P values (44). P values up to 0.01 were considered 
statistically significant, while P values between 0.01 and 0.05 were considered nominally 
significant.  
All statistical analyses were carried out using IBM SPSS Statistics, version 21.0 (IBM 
Corporation, Armonk, NY, USA). Haplotypes were reconstructed and analysed using Thesias 
software where the most frequent haplotype served as the reference. 
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POVZETEK 
Ozadje: 
Maligni mezoteliom (MM) je redka bolezen, ki je v več kot 80% povezana z izpostaljenostjo 
azbestu. Matriksne metaloproteinaze (MMP) so preoblikovalci tumorskega mikrookolja in 
karcinogenze. Polimorfizmi nekaterih MMP so morebitni biološki označevalci časa do 
napredovanja bolezni in celokupnega preživetja pri MM. Cilj naše raziskave je ovrednotiti 
določene polimorfizme MMP kot morebitne biooznačevalce tveganja za nastanek MM v 
povezavi z že znanimi dejavniki tveganja kot je izpostavljenost azbestu. 
Metode:  
Naša študija vključuje 236 bolnikov in 161 zdravih krvodajalcev v kontrolni skupini. 
Genotipizirano je bilo deset polimorfizmov v treh MMP genih z uporabo alelno specifične 
flurescenčne kompetitivne metode (KASPAR): MMP2 rs243865, rs243849 in rs7201, MMP9 
rs17576, rs17577, rs2250889 in rs20544 in MMP14 rs1042703, rs1042704 in rs743257. Pri 
statistični analizi so bile zvezne spremenljivke opisane z mediano in razponom (25%-75%), 
medtem ko so bile frekvence opisane s kategoričnimi spremenljivkami. Odkloni od Hardy-
Weinbergovega ravnovesja (HWE) so bili izračunani s standardnim hi² testom. Aditivni in 
dominantni genetski modeli so bili uporabljeni pri statistični anallizi. Povezava genetskih 
polimorfizmov s tveganjem za MM je bila izračunana z metodo logistične regresije in 
predstavljena kot razmerje obetov (OR) s 95% intervalom zaupanja (CI). 
Rezultati: 
Nosilci vsaj enega polimorfnega alela MMP2 rs243865 so imeli manjše tveganje za MM (OR 
= 66,95% CI = 0,44-1,00; P = 0,050). Povezava je še bolj pomembna pri bolnikih predhodno 
izpostavljenih azbestu (OR = 55, 95% CI = 0,35-0,86; P = 0,009). Preostali testirani 
polimorfizmi niso imeli pomembne povezave s tveganjem za MM. 
Zaključki:  
Polimorfizem MMP2 rs243865 ima lahko zaščitno vlogo pred razvojem MM. Ta ugotovitev je 
še bolj pomembna pri izpostavljenih azbestu in tako še bolj nakazuje na povezavo geni-okolje. 
Ključne besede: 
matriksne metaloproteinaze; genski polimorfizmi; maligni mezoteliom 
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POVZETEK 
Ozadje: 
Maligni plevralni mezoteliom (MPM) je redka bolezen z relativno kratkim celokupnim 
preživetjem. Metaloproteinaze (MMP) imajo velik biološki učinek na nastanek tumorjev, 
lokalno invazijo, mestastaziranje in apoptozo. MMP koncentracija v serumu in tkivih je bila že 
raziskana v povezavi s celokupnim preživetjem pri MPM. Cilj naše raziskave je ugotoviti ali so 
lahko genetski polimorfizmi napovedni biološki označevalci pri MPM. 
Metode: 
Genotipizirali smo 199 bolnikov z MPM za deset polimorfizmov: rs243865, rs243849 in rs7201 
v MMP2; rs17576, rs17577, rs2250889 in rs20544 v MMP9; rs1042703, rs1042704 in rs743257 
v MMP14. Vpliv na preživetje smo določili z uporabo Coxove regresije. 
Rezultati: 
Nosilci polimorfnega alela MMP9 rs2250889 so imeli krajši čas do napredovanja bolezni (6,07 
vs 10,03 meseca, HR = 2,45, 95% CI = 1,45-4,14, p = 0,001) in krajše celokupno preživetje 
(9,23 vs 19,2 meseca, HR = 2,39, 95%CI = 1,37-4,18, p = 0,002). Nasprotno, so imeli nosilci 
vsaj enega polimorfnega alela MMP9 rs20544 daljši čas do napredovanja bolezni (10,93 vs 9,40 
mesece, HR = 0,57, 95%CI = 0,38-0,86, p = 0,007) in daljše celokupno preživetje (20,67 vs 
13,5 mesecev, HR = 0,56, 95%CI = 0,37-0,85, p = 0,007). Polimorfizem MMP14 rs1042703 je 
bil povezan z neznačilno krajšim časom do napredovanja bolezni (8,7 vs 9,27 mesecev, HR = 
2,09, 95% CI = 1,06-4,12, p = 0,032). 
Zaključki: 
Določeni polimorfizmi MMP so povezani s preživetjem in bi lahko bili uporabni kot biološki 
označevalci pri MPM. 
Ključne besede: 
maligni plevralni mezoteliom; biološki označevalci; polimorfizmi; matriksne metaloproteinaze 
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POVZETEK  
Ozadje: 
Maligni mezoteliom (MM) je redka, vendar usodna bolezen z malo možnosti zdravljenja. Že 
postavljanje diagnoze in spremljanje učinka zdravljenja je lahko zahtevno. Raziskovanje na 
področju diagnostičnih in napovednih bioloških označevalcev zato intenzivno poteka že več 
kot trideset let. Namen naše študije je bil raziskati matriksno metaloproteinazo 9 (MMP9) kot 
potencialni serumski biooznačevalec pri odgovoru na zdravljenje in prežvetju bolnikov z MM. 
Raziskali smo tudi vpliv genskih polimorfizmov MMP9 na koncentracijo MMP9 v serumu. 
Metode: 
V študijo smo vključili 110 bolnikov z MM pri katerih so bili predhodno genotipizirani pogosti 
polimorfizmi MMP9. Serumski vzorci so bili odvzeti pred in po zdravljenju s kemoterapijo ter 
ob napredovanju bolezni. Serumske koncentracije MMP9 so bile izmerjene z encimsko 
vezanimi imunoabsorpcijskimi kiti (ELISA). Povezava med odgovorom na zdravljenje in 
serumsko koncentracijo MMP9 ter polimorfizmi MMP9 je bila izračunana z neparametričnimi 
testi, logistično in Coxovo regresijsko metodo. 
Rezultati: 
Srednja serumska koncentracija MMP9 je bila 706,7 (499,6-1224,9) ng/ml pred kemoterapijo, 
440,5 (255,9-685,2) ng/ml po zaključeni kemoterapiji ter 502,8 (307,2-851,4) ng/ml ob 
napredovanju bolezni. Po kemoterapiji je imelo 87 (79,8%) bolnikov nižjo serumsko 
koncentracijo MMP9 s srednjo vrednostjo spremembe -286,3 (-607,3 do -70,2) ng/ml 
(p<0,001). Ob napredovanju bolezni je imelo 47 (65,3%) bolnikov nižjo serumsko 
koncentracijo MMP9 v primerjavi z vrednostmi pred zdravljenjem, srednja vrednost 
spremembe je bila -163,7 (-466,6 do 108,6) ng/ml (p=0,001). Bolniki s slabšim stanjem 
zmogljivosti so imeli višje serumske koncentracije MMP9 pred zdravljenjem (p=0,010). Med 
raziskanimi polimorfizmi smo le pri rs7576 dokazali povezavo s serumsko koncentracijo 
MMP9 pred kemoterapijo (p=0,041). 
Zaključki: 
Srednja serumska koncentracija MMP9 se je spreminjala pred in po zdravljenju MM, vendar se 
ni pokazala kot samostojen biooznačevalec. Serumska koncentracija MMP9 lahko služi kot 
diagnostični in napovedni biološki označevalec le v povezavi z drugimi biološkimi označevalci. 
Ključne besede: 
Serum; MMP9; biološki označevalec; maligni mezoteliom 
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MMPs play a role in extracellular matrix remodeling, therefore they could play a role in local 
invasion of the tumor cells.  
We investigated a potential association between selected SNPs of metalloproteinases, tumors 
stage and histological subtype of malignant mesothelioma. In total 118 mesothelioma patients 
were included in this part of the study. Their clinical characteristics are shown in Table 1. All 
patients were tested for ten SNPs in MMP2, MMP9 and MMP14. Association between these 
polymorphisms and tumor stage as well as with the histological subtype is shown in Table 2 
and Table 3. 
None of the studied polymorphism were significantly associated with tumors stage. Only 
MMP9 rs2250889 had a statistically significant association with epitheloid and sarcomatoid 
histologies for the CG genotype (OR 3.84, 95% CI 1.3-11.32, p=0.015) (Table 3). Due to the 
mostly negative results of this study, we decided to leave the results unpublished. 
 
 
 
 
 
Table 1: Patients with malignant pleural mesothelioma (N = 181) 
Characteristic  N (%) 
Stage I 13 (7.2) 
II 53 (29.3) 
III 61 (33.7) 
IV 54 (29.8) 
Histological type Epitheloid 128 (70.7) 
Biphasic 24 (13.3) 
Sarcomatoid 20 (11.0) 
Not characterized 9 (5.0) 
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Table 2: Association of MMP polymorphisms with tumor stage 
Gene SNP Genotype Stage 
I+II 
N (%) 
Stage 
III+IV 
N (%) 
OR 
(95% CI) 
P 
MMP2 rs243865 CC 42 (35.6) 76 (64.4) Reference  
  CT 21 (35) 39 (65) 1.03  
(0.54 - 1.97) 
0.938 
  TT 3 (100) 0 (0) / 0.049* 
  CT+TT 24 (38.1) 39 (61.9) 0.90 
(0.48 - 1.69) 
0.739 
 rs243849 CC 47 (36.7) 81 (63.3) Reference  
  CT 17 (37) 29 (63) 0.99  
(0.49 - 1.99) 
0.977 
  TT 2 (28.6) 5 (71.4) 1.45 
(0.27 - 7.77) 
0.664 
  CT+TT 19 (35.8) 34 (64.2) 1.04  
(0.53 - 2.02) 
0.912 
 rs7201 AA 22 (37.3) 37 (62.7) Reference  
  AC 32 (36.8) 55 (63.2) 1.02  
(0.52 - 2.03) 
0.950 
  CC 12 (34.3) 23 (65.7) 1.14  
(0.48 - 2.73) 
0.770 
  AC+CC 44 (36.1) 78 (63.9) 1.05 (0.55 - 
2.01) 
0.873 
MMP9 rs17576 AA 29 (38.7) 46 (61.3) Reference  
  AG 31 (35.6) 56 (64.4) 1.14  
(0.60 - 2.16) 
0.690 
  GG 5 (29.4) 12 (70.6) 1.51  
(0.48 - 4.74) 
0.477 
  AG+GG 36 (34.6) 68 (65.4) 1.19  
(0.64 - 2.20) 
0.578 
 rs2250889 CC 63 (38.2) 102 (61.8) Reference  
  CG 3 (18.8) 13 (81.3) 2.68  
(0.73 - 9.76) 
0.136 
 rs17577 GG 50 (39.1) 78 (60.9) Reference  
  GA 15 (31.3) 33 (68.8) 1.41  
(0.07 - 2.86) 
0.340 
  AA 1 (33.3) 2 (66.7) 1.28  
(0.11 - 14.51) 
0.841 
  GA+AA 16 (31.4) 35 (68.6) 1.40  
(0.70 - 2.80) 
0.337 
 rs20544 CC 10 (31.3) 22 (68.8) Reference  
  CT 31 (33.7) 61 (66.3) 0.89  
(0.38 - 2.12) 
0.800 
  TT 24 (42.9) 32 (57.1) 0.61 0.284 
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 (0.24 - 1.51) 
  CT+TT 55 (37.2) 93 (62.8) 0.77  
(0.34 - 1.74) 
0.529 
MMP14 rs1042703 TT 39 (33.6) 77 (66.4) Reference  
  TC 21 (42) 29 (58) 0.70  
(0.35 - 1.38) 
0.304 
  CC 4 (40) 6 (60) 0.76  
(0.20 - 2.85) 
0.684 
  TC+CC 25 (41.7) 35 (58.3) 0.71 
(0.37 - 1.35) 
0.294 
 rs1042704 GG 40 (32.5) 83 (67.5) Reference  
  GA 22 (44.9) 27 (55.1) 0.59  
(0.30 - 1.16) 
0.129 
  AA 4 (44.4) 5 (55.6) 0.60  
(0.15 - 2.37) 
0.468 
  GA+AA 26 (44.8) 32 (55.2) 0.59  
(0.31 - 1.13) 
0.110 
 rs743257 CC 15 (33.3) 30 (66.7) Reference  
  CT 25 (32.9) 51 (67.1) 1.02 
(0.47 - 2.23) 
0.960 
  TT 26 (43.3) 34 (56.7) 0.65  
(0.29 - 1.46) 
0.300 
  CT+TT 51 (37.5) 85 (62.5) 0.83  
(0.41 - 1.70) 
0.615 
*calculated using Fisher exact test 
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Table 3: Association of MMP polymorphisms with histological type 
Gene SNP Genotype Epitheloid 
N (%) 
Other 
N (%) 
OR  
(95% CI) 
P 
MMP2 rs243865 CC 79 (66.9) 39 (33.1) Reference  
  CT 
46 (76.7) 14 (23.3) 
0.62  
(0.30 - 1.25) 0.182 
  TT 3 (100) 0 (0) / 0.550* 
  CT+TT 
49 (77.8) 14 (22.2) 
0.58  
(0.29 - 1.17) 0.130 
 rs243849 CC 89 (69.5) 39 (30.5) Reference  
  CT 
34 (73.9) 12 (26.1) 
0.81  
(0.38 - 1.72) 0.576 
  TT 
5 (71.4) 2 (28.6) 
0.91  
(0.17 - 4.91) 0.915 
  CT+TT 
39 (73.6) 14 (26.4) 
0.82  
(0.40 - 1.68) 0.586 
 rs7201 AA 40 (67.8) 19 (32.2) Reference  
  AC 
62 (71.3) 25 (28.7) 
0.85  
(0.41 - 1.74) 0.654 
  CC 
26 (74.3) 9 (25.7) 
0.73  
(0.29 - 1.85) 0.507 
  AC+CC 
88 (72.1) 34 (27.9) 
0.81  
(0.41 - 1.60) 0.548 
MMP9 rs17576 AA 55 (73.3) 20 (26.7) Reference  
  AG 
58 (66.7) 29 (33.3) 
1.37  
(0.70 - 2.71) 0.358 
  GG 
13 (76.5) 4 (23.5) 
0.85  
(0.25 - 2.90) 0.790 
  AG+GG 
71 (68.3) 33 (31.7) 
1.28  
(0.66 - 2.47) 0.464 
 rs2250889 CC 121 (73.3) 44 (26.7) Reference  
  CG 
7 (43.8) 9 (56.3) 
3.54  
(1.24 - 10.07) 0.018 
 rs17577 GG 92 (71.9) 36 (28.1) Reference  
  GA 
31 (64.6) 17 (35.4) 
1.40 
(0.69 - 2.84) 0.349 
  AA 3 (100) 0 (0) / 0.561* 
  GA+AA 
34 (66.7) 17 (33.3) 
1.28  
0.64 - 2.57) 0.491 
 rs20544 CC 21 (65.6) 11 (34.4) Reference  
  CT 
63 (68.5) 29 (31.5) 
0.88  
(0.37 - 2.06) 0.766 
  TT 
43 (76.8) 13 (23.2) 
0.58  
(0.22 - 1.50) 0.261 
  CT+TT 
106 (71.6) 42 (28.4) 
0.76  
 
(0.34 - 1.70) 0.501 
MMP14 rs1042703 TT 78 (67.2) 38 (32.8) Reference  
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  TC 
38 (76) 12 (24) 
0.65  
(0.30 - 1.38) 0.261 
  CC 
8 (80) 2 (20) 
0.51  
(0.10 - 2.53) 0.413 
  TC+CC 
46 (76.7) 14 (23.3) 
0.62  
(0.31 - 1.27) 0.196 
 rs1042704 GG 84 (68.3) 39 (31.7) Reference  
  GA 
35 (71.4) 14 (28.6) 
0.86  
(0.42 - 1.78) 0.688 
  AA 9 (100) 0 (0) / 0.057* 
  GA+AA 
44 (75.9) 14 (24.1) 
0.69  
(0.34 - 1.40) 0.298 
 rs743257 CC 29 (64.4) 16 (35.6) Reference  
  CT 
54 (71.1) 22 (28.9) 
0.74  
(0.34 - 1.62) 0.450 
  TT 
45 (75) 15 (25) 
0.60  
(0.26 - 1.41) 0.242 
  CT+TT 
99 (72.8) 37 (27.2) 
0.68  
(0.33 - 1.39) 0.288 
*calculated using Fisher exact test 
Other = biphasic, sarcomatoid or not characterized 
Statistical significant assocaitions are printed in bold. 
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Table 4: Association of MMP polymorphisms with histological type 
Gene SNP Genotype Epitheloid 
N (%) 
Biphasic or 
sarcomatoid 
N (%) 
OR  
(95% CI) 
P 
MMP2 rs243865 CC 79 (71.2) 32 (28.8) Reference  
  CT 
46 (79.3) 12 (20.7) 
0.64  
(0.30 - 1.37) 0.254 
  TT 3 (100) 0 (0) / 0.558* 
  CT+TT 
49 (80.3) 12 (19.7) 
0.60  
(0.28 - 1.28) 0.190 
 rs243849 CC 89 (73.6) 32 (26.4) Reference  
  CT 
34 (75.6) 11 (24.4) 
0.90  
(0.41 - 1.98) 0.794 
  TT 
5 (83.3) 1 (16.7) 
0.56  
(0.06 - 4.94) 0.599 
  CT+TT 
39 (76.5) 12 (23.5) 
0.86  
(0.40 - 1.83) 0.689 
 rs7201 AA 40 (70.2) 17 (29.8) Reference  
  AC 
62 (74.7) 21 (25.3) 
0.80  
(0.38 - 1.69) 0.555 
  CC 
26 (81.3) 6 (18.8) 
0.54  
(0.19 - 1.56) 0.256 
  AC+CC 
88 (76.5) 27 (23.5) 
0.72  
(0.35 - 1.47) 0.370 
MMP9 rs17576 AA 55 (75.3) 18 (24.7) Reference  
  AG 
58 (72.5) 22 (27.5) 
1.16  
(0.56 - 2.39) 0.690 
  GG 
13 (76.5) 4 (23.5) 
0.94  
(0.27 - 3.25) 0.922 
  AG+GG 71 (73.2) 26 (26.8) 1.12  0.752 
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(0.56 - 2.25) 
 rs2250889 CC 121 (77.1) 36 (22.9) Reference  
  CG 
7 (46.7) 8 (53.3) 
3.84 
(1.3 - 11.32) 0.015 
 rs17577 GG 92 (75.4) 30 (24.6) Reference  
  GA 
31 (68.9) 14 (31.1) 
1.38  
(0.65 - 2.94) 0.397 
  AA 3 (100) 0 (0) / 0.578* 
  GA+AA 
34 (70.8) 14 (29.2) 
1.26  
(0.60 - 2.66) 0.540 
 rs20544 CC 21 (67.7) 10 (32.3) Reference  
  CT 
63 (74.1) 22 (25.9) 
0.73  
(0.30 - 1.80) 0.497 
  TT 
43 (78.2) 12 (21.8) 
0.59 
(0.22 - 1.57) 0.289 
  CT+TT 
106 (75.7) 34 (24.3) 
0.67  
(0.29 - 1.57) 0.360 
MMP14 rs1042703 TT 78 (71.6) 31 (28.4) Reference  
  TC 
38 (79.2) 10 (20.8) 
0.66  
(0.29 - 1.49) 0.319 
  CC 
8 (80) 2 (20) 
0.63  
(0.13 - 3.13) 0.571 
  TC+CC 
46 (79.3) 12 (20.7) 
0.66  
(0.31 - 1.40) 0.277 
 rs1042704 GG 84 (71.8) 33 (28.2) Reference  
  GA 
35 (76.1) 11 (23.9) 
0.80  
(0.36 - 1.76) 0.579 
  AA 9 (100) 0 (0) / 0.110 
  GA+AA 
44 (80) 11 (20) 
0.64  
(0.29 - 1.38) 0.252 
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 rs743257 CC 29 (67.4) 14 (32.6) Reference  
  CT 
54 (75) 18 (25) 
0.69  
(0.30 - 1.59) 0.383 
  TT 
45 (78.9) 12 (21.1) 
0.55  
(0.22 - 1.36) 0.197 
  CT+TT 
99 (76.7) 30 (23.3) 
0.63  
(0.29 - 1.34) 0.228 
Statistically significant assocaitions are printed in bold. 
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5. DISCUSSION 
 
5.1 Matrix metalloproteinases polymorphisms as baseline risk predictors in 
      malignant mesothelioma (MM) 
 
While the pivotal role of MMPs and their polymorphisms has been investigated in some cancer 
types, the influence of MMP2, MMP9 and MMP14 gene polymorphisms on baseline risk for 
MM in comparison with healthy control subjects was not studied previously.  
Carriers of MMP2 rs243865 CT or CT/TT genotypes had significantly decreased risk for 
developing MM in comparison with CC homozygous genotype, especially in patients with 
known asbestos exposure. 
MMP2 rs243865 (c.-1306C>T) is a promoter polymorphism and our prior in silico analysis has 
shown that it may influence binding of transcription factors and may alter chromatin states (45). 
The data on whether the MMP2 rs243865 T allele has a protective function or if it contributes 
to higher risk for cancer, is somewhat conflicting for different malignancies. 
MMP polymorphisms as risk prediction biomarkers have been extensively studied in many 
different common and as well as rare malignancies (46,47). The most attractive and most 
significant MMPs in risk assessment studies were MMP2, MMP9 and MMP3 polymorphisms. 
MMP2 rs243865, that was protective against development of malignant mesothelioma in our 
study, had the greatest influence on cancer risk in general. In accordance with our study, two 
meta-analysis showed that MMP2 rs243865 polymorphism had a protective role in lung cancer 
susceptibility in both dominant and recessive models, which is consistent with the results of our 
study (44). Seventeen studies were included in the meta-analysis and reported that the MMP2 
rs2438651 polymorphism had a protective role for lung cancer, albeit only in the Asian 
population (48). Considering that lung cancer is the most common thoracic malignancy, these 
results can be perhaps extrapolated to a less common thoracic malignancy, such as MM. MMP 
polymorphisms have been frequently studied in other common malignancies. A meta-analysis 
of 12 publications studying urinary (renal and bladder) cancers showed a lower risk for bladder 
cancer with the T allele of MMP2 rs243865 in Asian patients but not in the Caucasian 
population (49). 
All of the above discussed publications present the MMP2 rs243865 T allele as having a 
somewhat protective role in cancer. There are publications that suggest the opposite effect of 
the T allele in MMP2 rs243865. Six different polymorphisms in MMPs and TIMPs were 
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investigated in Caucasian bladder cancer patients. They concluded that the combined genotype 
carrying MMP2 rs243865 T allele and MMP9 rs3918242 T allele was associated with increased 
bladder cancer risk (47). 
According to the dbSNP and HapMap data on rs243865 frequency in genetically different 
populations, the C allele is more common in Caucasian populations. That can perhaps 
contribute to the conflicting results in different studied populations (39). 
Nevertheless, all of the cited studies suggest that MMP2 rs243865 could play a role as a risk 
factor in a variety of different malignancies. With regard to the MMP2 rs243865, T allele 
containing genotypes seem to have a predominantly protective role in thoracic malignancies, 
such as lung cancer and MM. 
However, thoracic malignancies are also well known to have a strong environmental component 
(e.g. smoking, asbestos exposure) (48).Therefore, interaction of environmental exposure and 
genetic predisposition had to be taken into account when assessing the risk for MM in exposed 
individuals. 
 
5.2 Matrix metalloproteinases polymorphisms as prognostic biomarkers in 
      malignant pleural mesothelioma 
 
In our study we also investigated the influence of MMP2, MMP9 and MMP14 gene 
polymorphisms on time to progression and overall survival in MM patients. Two of the 
investigated MMP9 SNPs, rs2250889 and rs20544 had significant, but opposite effects on TTP 
and OS in the patient population. Additionally, non-synonymous MMP14 rs1042703 genotype 
was associated with shorter survival in MM patients. 
MMP9 rs2250889 polymorphic genotype (c.1721C>G) was strongly and statistically 
significantly associated with both lower TTP and OS in our study. This polymorphism is non-
synonymous, leading to the p. Arg574Pro substitution, although the function prediction also 
indicated a possibility that it may influence splicing. As the biological functions of MMP9 in 
maintenance of tumor stem cells and metastatic niches are well established, there has been a lot 
of research interest in the MMP9 gene and its SNPs (49). MMP9 SNPs for genotyping in our 
study were selected after reviewing the literature of more common cancers, such as bladder 
cancer, where a large meta-analysis was written considering many genetically diverse 
populations. The meta-analysis included two of our selected SNPs in the MMP9 gene, with 
varying correlation to clinical data, such as disease progression and overall survival (50). 
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One of the previous studies in MMP9 SNPs showed that the risk for developing metastatic lung 
cancer is higher in heterozygous (p.574 Pro/Arg) and homozygous (p.574 Pro/Pro) carriers of 
rs2250889 polymorphism compared to non-carriers. Subsequent studies that investigated the 
prognostic role of MMP9 rs2250889 in 200 nasopharingeal carcinoma patients, showed 
increased death risk (HR = 2.287, 95% CI 1.400-3.735) in subjects with MMP9 rs2250889 
encoded p.574Pro/Pro and p.574Pro/Arg genotypes compared to p.574Arg/Arg genotype (51). 
In addition to the above mentioned role of MMP9 in local tumor progression and metastasis, it 
also has a tumor suppressing function of producing endogenous angiogenesis inhibitors, 
promoting inflammatory anti-tumour activity, and inducing apoptosis (49). This dual biological 
function could also partially explain the beneficial effect of MMP9 rs25044 on TTP and OS 
observed in our study. The function prediction analysis suggested a role of MMP9 rs25044 in 
differential miRNA binding. So far there have been 41 SNP specific miRNAs identified that 
target MMP9 SNPs. miRNAs work with exquisite specificity: they distinguish a target from a 
non-target based on a single nucleotide mismatch in the core nucleotide domain leading to 
translational inhibition and mRNA destabilization with a consequent reduction in the protein 
levels (52). The proposed rs25044 - miRNA interaction could have a putative protective effect 
and thus influence survival in MM patients 
MMP14 rs1042703 had nominally significant influence on TTP in our study, but only after 
adjustment for weight loss, histological type and performance status. The MMP14 rs1042703 
is a non-synonymous SNP leading to amino acid substitution (p. Pro8Ser) and can thus 
influence an individual's phenotype. A possible role of MMP14 rs1042703 as a biomarker in 
hepatocellular carcinoma (HCC) was investigated in a Taiwanese study with rs1042703 CC 
genotype resulting in lower MMP14 expression and lower risk of acquiring HCC (53). The 
potentially altered protein structure and phenotype could have a deleterious effect in MM 
patients, as suggested by our study. 
In our study MMP2 SNPs (rs243865, rs243849, rs7201) were also investigated, but we did not 
find any statistically significant association with the TTP and OS. The function prediction 
analysis showed that rs243865 may alter transcription factors’ binding site. This SNP was 
reported to significantly increase the risk of osteosarcoma in a Chinese Han population (30). 
On the other hand, rs243849 may influence splicing, but was, thus far, investigated in a prostate 
cancer population of 1817 African American men, where the results showed an increased risk 
of disease aggressiveness (OR=1.44; P=0.04) in Stage 3 for the T allele of rs243849 (54).  
Lastly, MMP2 rs7201 may lead to differential miRNA binding and its potential role was 
investigated in a nasopharyngeal (NC) carcinoma study. miR-151 with binding to rs7201 locus 
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was investigated but did not have any statistically significant influence on NC risk (55). 
Additionally, data from Genomic Data Commons Data Portal show that MMP2 can sometimes 
be mutated in MM patients, suggesting further studies of MMP genetic variability could 
contribute to our understanding of the disease (56). 
Our studies that investigated the role of selected SNPs included a limited number of patients 
and were not set up as genome wide associated studies (GWAS). However, an Italian based 
GWAS study that included 407 patients and 389 controls, found that MMP14, among other 
genes, may be associated with the risk for MM. They proposed that there is dysregulation of 
the MMP14 in MM, but there was not any additional data on patient survival or disease 
progression (57). 
 
5.3 Evaluation of matrix metalloproteinase 9 serum concentration as a 
      biomarker in malignant mesothelioma 
 
While the first part of the study showed that certain MMP9 SNPs have predictive and prognostic 
value in MM, we further set out to evaluate MMP9 serum expression as an easily accessible 
serum marker in MM and to investigate a possible clinically relevant association with OS, TTP 
and treatment response.  
Furthermore, we investigated the association between MMP9 serum levels and MMP9 SNPs. 
Two interesting associations were noted: an association between MMP9 serum levels and 
ECOG performance status and between MMP9 expression and MMP9 rs17576 polymorphism. 
A statistically significant result of this analysis showed an association between higher MMP9 
serum levels before treatment and higher ECOG performance status. Patients that were fully 
active, able to carry on daily activities without restrictions (ECOG 0) had a significantly lower 
MMP9 serum concentration in comparison to the patients of capable of selfcare, but up and 
about only 50% of the waking hours (ECOG 2). In a lung cancer study comparing normal vs 
cancer tissue MMP9 expression was the highest in adenocarcinoma of greater tumor stage (III 
and IV). The expression and activity of MMP9 in serum as well as in tissue samples correlated 
with histology and tumor stage, without a reference to performance status (58). 
A significant decrease of serum MMP9 was observed after chemotherapy, while the levels 
increased again at disease progression. Our observations are in agreement with a study in lung 
cancer concluding that an increase in MMP9 levels after three cycles of chemotherapy was 
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predictive for progression with 5% increase in the odds of progression for an increase of 10 ng 
of MMP9 (59). 
MMP9 has an important role in metastasis of lung adenocarcinoma that was investigated in a 
recent study. They reported that an elevated MMP7 and MMP9 play a role in the release of 
circulating tumor cells into the peripheral blood. The investigators suggested that the 
concentrations of MMP7 and MMP9 and the circulating tumor cell count, could be used 
together as an effective, clinically predictive panel for lung adenocarcinoma metastasis and 
prognosis. In other tumors, such as gastric cancer, MMP9 plasma levels correlated better with 
disease progression and lymph node invasion than the serum levels (60). 
A possible association between MMP9 serum concentrations, treatment response to 
chemotherapy as well as with TTP and OS in MM patients, was investigated alongside MMP9 
serum concentrations at different times during and before the treatment. We observed some 
differences in MMP9 serum concentration in patients with complete or partial response and in 
patients with stable or progressive disease, but these concentration differences failed to reach 
statistical significance and were not associated with survival or treatment response.  
Another focus of our study was on MMP9 concentration in combination with MMP9 
polymorphisms as possible biomarker in MM. We observed a large interindividual variability 
in MMP9 serum levels, both before treatment as well as at different treatment responses, 
therefore we investigated the role of genetic variability of MMP9. We found a statistically 
significant association between polymorphism MMP9 rs17576 GG genotype and higher MMP9 
serum levels before treatment in comparison to the wild type MMP9 rs17576 AA genotype. 
This genotype showed a tendency of association with TTP and OS, however it was not 
statistically significant. 
Our results suggest that, rather than as standalone biomarkers, MMP9 serum expression as well 
as MMP9 rs17576 A>G genotype may perform better in combination with other potential 
biomarkers. Further studies should therefore take into account novel biomarkers, such as micro 
RNAs (miRNAs), high mobility group box 1 (HMGB1) protein and proteomic based assays 
(61,62). 
 
5.4 Scientific contribution and clinical applicability of our study 
 
Our study was the first to consider SNPs in common MMPs as possible biomarkers for overall 
survival and disease progression in MM. Our cohort of more than 200 mesothelioma patients 
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is one the larger mesothelioma cohorts that included a genetically homogenous, European 
population. We have shown that two MMP9 polymorphisms have an opposing effect on 
survival and disease progression. Furthermore, we have shown an association between the 
MMP9 sera concentrations and selected MMP9 polymorphism but did not find a correlation 
between MMP9 serum concentration and the studied clinical parameters. 
In this study we analyzed the risk for mesothelioma in comparison with healthy blood donors 
and found that a certain polymorphism might a have protective role in mesothelioma risk in 
asbestos exposed patients. 
In our study, we found that SNPs in selected MMPs can serve as noninvasive biomarkers for 
risk assessment and survival prediction in mesothelioma patients. However, our results were 
inconclusive for different MMP9 serum levels, which is in agreement with other studies. 
As the treatment approaches in oncology are becoming more targeted and genetically based, 
better and more precise markers are still needed. MMP9 serum concentration differences and 
statistically significant MMP polymorphisms could contribute to composite biomarkers in MM. 
Therefore, our study could have a clinical application as well. 
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6. CONCLUSIONS 
 
Our study confirmed that genetic variability of MMPs may have a role in mesothelioma risk, 
survival and disease progression. 
 
We confirmed the following hypothesis: 
 genetic variability in selected MMPs is a biomarker for risk assessment in mesothelioma 
 functional and tagging polymorphism in selected MMPs do influence overall survival and 
disease progression 
We did not confirm the hypothesis that genetic variability in selected MMP genes correlates 
with TNM stage and mesothelioma histological subtypes. 
 
ZAKLJUČKI 
Naša študija je potrdila, da ima genetska variabilnost MMP vlogo pri tveganju za nastanek ter 
vpliv na čas do napredovanja in celokupno preživetje pri malignem mezoteliomu. 
 
Potrdili smo naslednje hipoteze: 
 genetska variabilnost v izbranih MMP je biološki označevalec tveganja za nastanek malignega 
mezotelioma 
 funkcionalni in označevalni polimorfizmi v izbranih MMP vplivajo na napredovanje bolezni in 
preživetje pri mesoteliomu 
Nismo potrdili hipoteze, da je genetska variabilnost MMP povezana s TNM stadijem in 
histološkimi podtipi. 
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